A new cyclic pentapeptide, cotteslosin C (1), a new aflaquinolone, 22-epi-aflaquinolone B (3), and two new anthraquinones (9 and 10), along with thirty known compounds (2, (4) (5) (6) (7) (8) were isolated from a co-culture of the sponge-associated fungus Aspergillus versicolor with Bacillus subtilis. The new metabolites were only detected in the co-culture extract, but not when the fungus was grown under axenic conditions. Furthermore, the co-culture extract exhibited an enhanced accumulation of the known constituents versicolorin B (14), averufin (16), and sterigmatocyctin (19) by factors of 1.5, 2.0, and 4.7, respectively, compared to the axenic fungal culture. The structures of the isolated compounds were elucidated on the basis of 1D and 2D NMR spectra and mass spectrometry as well as by comparison with literature data. The absolute configuration of compounds 3, 9, and 10 was determined by ECD (electronic circular dichroism) analysis aided by TDDFT-ECD (time-dependent density functional theory electronic circular dichroism) calculations. Compounds 15, 18-21, and 26 exhibited strong to moderate cytotoxic activity Induction of Secondary Metabolites from the Marine-Derived Fungus Aspergillus versicolor through Co-cultivation with Bacillus subtilis
Introduction
Sponge-associated fungi have repeatedly been shown to be promising sources for drug discovery [1] . These fungi are able to synthesize structurally remarkable compounds such as the rare Nmethylated peptides endolides A and B that were isolated from sponge-associated Stachylidium sp. and showed affinity to vasopressin and serotonin receptors [2] . Furthermore, investigation of the sponge-derived fungus Aspergillus violaceofuscus led to the isolation of three new cyclopeptides, including the cyclic tetrapeptide violaceotide A, an aspochracin-type cyclic tripeptide sclerotiotide L, and a new diketopiperazine dimer, with both violaceotide A and the new diketopiperazine dimer exhibiting anti-inflammatory activity [3] . However, the rediscovery rate of known compounds from microorganisms including sponge-associated fungi is a serious problem in natural product chemistry, as gene clusters responsible for biosynthesis of secondary metabolites often remain silent under axenic culture conditions. Thus, only a fraction of microbial metabolites compared to the genetic potential of an organism can usually be detected in fungal extracts [4] . Besides, microorganisms live as part of microbial communities where they are submitted to competition for nutrients with other eukaryotic and prokaryotic microbes. Mimicking the natural microbial ecosystem is the main purpose of co-culture strategies, thus aiming at an induction of silent biosynthetic gene clusters [5] . Applying co-culture techniques has repeatedly led to the discovery of new bioactive compounds that were not detected in axenic cultures. In our previous study, two new sesquiterpenoids, pestabacillins A and B, which were not detected in an axenic culture of Pestalotiopsis sp., were isolated from the co-culture of Pestalotiopsis sp. and Bacillus subtilis [6] . In addition, mixed fermentation of the fungus Aspergillus austroafricanus with either B. subtilis or Streptomyces lividans on solid rice medium led to an enhanced accumulation of several diphenyl ether derivatives, including the new compound austramide, compared to axenic fungal cultures [7] . Moreover, several cryptic metabolites, including the two new compounds aspvanicins A and B, were isolated from the co-culture of the endophytic fungus Aspergillus versicolor with the bacterium B. subtilis but were likewise lacking in axenic fungal cultures [8] .
In the present study, a co-culture experiment of the spongeassociated fungus A. versicolor with the bacterium B. subtilis was conducted. Several metabolites, including sterigmatocystin, versicolorin B, and averufin, exhibited an increased accumulation in the fungal-bacterial co-culture compared to the axenic fungal culture. Furthermore, the co-culture yielded four new metabolites (1, 3, 9 , and 10) that were not detected in the axenic fungal culture. Herein, we report the structure elucidation of the new compounds in addition to the biological activities of the isolated metabolites (▶ Figs. 1 and 2 ).
Results and Discussion
Axenic cultures of A. versicolor or B. subtilis and co-cultures were grown on solid rice medium under static conditions. When reaching the stationary phase of growth, EtOAc was added, followed by filtration and extraction. The obtained extracts were analyzed by analytical HPLC to monitor the chromatographic patterns prior to the isolation procedure. Comparison of axenic fungal or bacterial cultures with the mixed fungal-bacterial cultures showed the striking of compounds 14, 16, and 19 in the mixed cultures in addition to the induction of four new metabolites (1, 3, 9, and 10) that were not detected in the axenic fungal or bacterial cultures.
Compound 1 was obtained as a dark amorphous solid. Its molecular formula was deduced as C 34 H 45 N 5 O 6 from HRESIMS, implying 15 degrees of unsaturation. Examination of the 1 H-NMR, COSY, HSQC, and HMBC data of 1 revealed its peptide nature and showed its close similarity to the co-isolated known peptide cotteslosin A (2), which was previously obtained from a marinederived strain of A. versicolor [9] . Interpretation of the 1 H-NMR spectrum (▶ Table 1 ) of 1 showed the presence of only one phenolic OH group at δ H 9.24 instead of two phenolic OH groups as in cotteslosin A (2) . Moreover, compound 1 had one 1,4-disubstituted benzene ring and a monosubstituted benzene ring, unlike compound 2, which features two 1,4-disubstituted benzene rings. Detailed inspection of the 2D NMR spectra of 1 (▶ Fig. 3 ) confirmed the replacement of N-methyl-tyrosine in cotteslosin A (2) with N-methyl-phenylalanine in compound 1, accounting for the difference in molecular weight and NMR data between these two compounds. The absolute configurations of the amino acids were determined after acid hydrolysis of 1 followed by Marfeyʼs derivatization method, which indicated that all amino acids were present in the L-form. In conclusion, compound 1 was identified as a new natural product and was given the name cotteslosin C.
The molecular formula of compound 3 was determined to be C 26 H 31 NO 5 on the basis of the HRESIMS data. It had UV absorbance maxima at 212, 278, and 324 nm. The 1 H and 13 C NMR data of compound 3 (▶ Table 2 ) were similar to those of the previously reported compound aflaquinolone B [10] . Detailed analysis of the 2D NMR spectra of 3 confirmed that these two compounds share the same planar structure (▶ Fig. 4 ). The obvious difference between 3 and aflaquinolone B was observed in the cyclohexane part of the structure. The 1 H-NMR spectrum of 3 revealed that H-20 is coupled to the neighboring proton H-21 with a large transdiaxial-type coupling constant (13 Hz) , implying that H-20 and H-21 should be axially oriented and the methyl group at C-21 is in equatorial orientation, as reported in aflaquinolone B. However, H-22 of 3 showed a large trans-diaxial-type coupling constant (10.4 Hz) with H-21, indicating that H-22 is axially oriented and the hydroxy group at C-22 has an equatorial orientation, unlike aflaquinolone B where the C-22 hydroxy group is in the axial orientation. Consequently, the only difference between 3 and aflaqui-against the mouse lymphoma cell line L5178Y, with IC 50 values ranging from 2.0 to 21.2 µM, while compounds 14, 16, 31, 32, and 33 displayed moderate inhibitory activities against several gram-positive bacteria, with MIC values ranging from 12.5 to 50 µM. nolone B was the orientation of the hydroxy group at C-22. Thus, compound 3 was found to be the new C-22 epimer of aflaquinolone B and was given the trivial name 22-epi-aflaquinolone B. The electronic circular dichroism (ECD) data of 3 showed the same ECD pattern as that of aflaquinolone B [10] , indicating that they shared the same absolute configuration at C-3 and C-4 of the dihydroquinoline unit.
Compound 9 was obtained as an orange red powder that exhibited UV maxima at 223, 285, and 437 nm, characteristic of anthraquinone derivatives. The HRESIMS of compound 9 displayed a ▶ Table 3 ) showed signals attributed to a pentasubstituted anthraquinone moiety. The presence of a fused tetrahydrofuran ring was evident from the COSY spectrum of 9, which revealed a spin system from the significant downfield shifted dioxymethine proton H- Fig. 5 ). These structural features resemble the co-isolated known compound versicolorin B (14) [11, 12] . The major difference was that compound 9 had only one chelated OH proton resonance at δ H 13.31 in contrast to versicolorin B (14) , which showed signals of two chelated OH protons. This could be explained by the connection of the tetrahydrofuran ring and the anthraquinone moiety at C-1 and C-2 in compound 9, which was proven by the HMBC correlations from H-11 to C-1 (δ C 161.7) and C-2 (δ C 121.3), and from H-12 to C-1, C-2, and C-3 (δ C 159.3). Hence, compound 9 was elucidated as an isomer of versicolorin B (14) , which differs from the latter in the position of the fused furan ring. The NOE correlation between H-11 and H-12 suggested a cis configuration of these two protons.
To elucidate the absolute configuration of 9, the solution TDDFT-ECD method was applied on the arbitrarily chosen (11S,12R) enantiomer [13, 14] . The Merck molecular force field (MMFF) conformational search resulted in 8 geometries in a 21 kJ/mol energy window, which were reoptimized at both the B3LYP/6-31G(d) and CAM-B3LYP/TZVP PCM/MeCN levels. The Boltzmann-weighted ECD spectra of (11S,12R)-9 calculated for the low-energy (≥ 1 %) DFT conformers at various levels (B3LYP/ TZVP, BH&HLYP/TZVP, CAM-B3LYP/TZVP, and PBE0/TZVP), as both sets of conformers gave mirror-image ECD spectra of the experimental curve at all applied combinations of levels (▶ Fig. 6 ). Furthermore, the low-energy conformers differed only in the orientation of the OH protons (▶ Fig. 7 ), allowing the unambiguous elucidation of the absolute configuration of 9 as (11R,12S).
The UV spectrum of compound 10 showed absorption maxima at 223, 287, and 440 nm, suggesting its anthraquinone nature. Investigation of the NMR spectra of compound 10 (▶ Table 3 ) displayed signals of a pentasubstituted anthraquinone and a saturated furan ring with close structural resemblance to bipolarin (11) [15] . The molecular formula of compound 10 was determined to be C 20 H 18 O 7 by HRESIMS, 28 amu higher than that of bipolarin (11) . This could be attributed to the presence of two additional aromatic methoxy groups at δ H 4.02 (s) and 4.01 (s) in the 1 H-NMR spectrum of 10 that exhibited HMBC correlations to C-6 (δ C 165.6) and C-8 (δ C 163.8), respectively, unlike bipolarin with two hydroxy groups at C-6 and C-8. Therefore, compound 10 was identified as the new compound 6,8-O-dimethylbipolarin (▶ Fig. 8) .
The same TDDDFT-ECD computational protocol as for 9 was applied on the arbitrarily chosen (R)-10 to determine the absolute configuration. DFT reoptimization of the 15 initial MMFF conformers resulted in 8 and 4 low-energy conformers at the B3LYP/6-31G (d) and CAM-B3LYP/TZVP PCM/MeOH levels, respectively. ECD spectra computed at various levels for each set of conformers gave mirror-image agreement with the experimental one, allowing for elucidation of the absolute configuration as (S) (▶ Fig. 9 ). ▶ The known compounds were identified as cotteslosin A (2) [9] , aflaquinolone A, F, and G (4-6) [10], 3-O-methylviridicatin (7) [16], 9-hydroxy-3-methoxyviridicatin (8) [17] , bipolarin (11) [20] , averufin (16) [21] , endocrocin (17) [22] , O-demethylsterigmatocystin (18) [23] , sterigmatocystin (19) [18] , sterigmatin (20) [23] , AGI-B4 (21) [24] , sydowinin B (22) [25] , notoamide D (23) [26] , speramide B (24) [27] , notoamide E (25) [28] , stephacidin A (26) [29] , notoamide R (27) [30] , protuboxepin B (28) [31] , 3,10-dehydrocyclopeptine (29) [32] , penicillanone (30) [33] , diorcinol D (31) [34] , diorcinol G (32) [35] , diorcinol I (33) [35] , and radiclonic acid ▶ The known compounds isolated in this study are typical fungal metabolites previously reported from the genera Aspergillus and Penicillium [9] [10] [11] [12] . The isolated new compounds (1, 3, 9, and 10) are biosynthetically related to those known analogues, and thus are suggested to be derived from the fungus.
All isolated compounds (1-34) were tested for their cytotoxic activity against the mouse lymphoma cell line L5178Y using the microculture tetrazolium method (MTT) (▶ Table 4 ). The xanthone derivatives sterigmatocystin (19) , sterigmatin (20) , and AGI-B4 (21) The antibacterial activity of the isolated compounds was tested against several gram-positive bacteria using the broth microdilution method (▶ Table 5 ). Versicolorin B (14) , averufin (16) and diorcinols D (31), G (32), and I (33) displayed inhibitory activity with MIC values ranging from 12.5 to 50 µM. Diorcinol G (32) exhibited pronounced antibacterial activity against all tested bacterial strains with an MIC value of 12.5 µM. Remarkably, none of the active compounds showed cytotoxicity against the L5178Y cell line, indicating that the observed antibacterial activities are not caused by general toxicity of the respective metabolites.
It is worthy to note that some of these bioactive compounds showed similar activities in the literature. For example, 8-O-methylversicolorin B (15) showed weak cytotoxic activity against PC-3 cells (human prostate cancer cells) and H460 cells (human lung cancer cells) with IC 50 values of 19.5 and 27.2 µM, respectively [20] , sterigmatocystin (19) exhibited significant cytotoxicity on HepG2 cells (human hepatoma cells) at a concentration of 3 µM [37] , AGI-B4 (21) inhibited VEGF-induced proliferation of HUVECs (human umbilical vein endothelial cells) with an IC 50 value of 1.4 µM [24] , and stephacidin A (26) was a selective inhibitor of the testosterone-dependent prostate LNCaP cells with an IC 50 value of 2.1 µM [29] . Moreover, versicolorin B (14) showed antifungal activity against Fusarium solani, a pathogenic fungus of Panax notoginseng, with an MIC of 16-32 µg/mL [38] . Averufin (16) showed antibacterial activity against B. subtilis with an MIC of 8-16 µg/mL [38] . Diorcinol D (31) exhibited antibacterial activity against Escherichia coli with an MIC of 8 µg/mL [39] , while diorcinol I (33) displayed significant antibacterial activity against Staphylococcus aureus with an MIC of 6.25 µg/mL [40] .
In conclusion, the co-cultivation experiment of A. versicolor with B. subtilis was carried out with the aim of inducing or enhancing secondary metabolite production by the fungus. Comparison of the HPLC chromatograms of the axenic fungal culture and the mixed fungal-bacterial fermentation revealed the upregulation of several metabolites compared to the axenic fungal control (14, 16, and 19) in addition to the induction of four new metabolites (1, 3, 9, and 10) that were not detected in the axenic fungal culture. Sterigmatocyctin (19) showed a 4.7-fold increase in its amount in the co-culture compared to the axenic culture, while the accumulation of versicolorin B (14) and averufin (16) was increased by factors of 1.5 and 2.0, respectively. The absolute configuration of compounds 3, 9, and 10 was determined by ECD analysis aided by TDDFT-ECD calculations.
Materials and Methods

General experimental procedures
For measurement of optical rotations, a PerkinElmer-241 MC polarimeter was used. NMR spectra were recorded with a Bruker ARX ▶ 300 or AVANCE DMX 600 NMR spectrometer. A Finnigan LCQ Deca XP Thermoquest spectrometer was utilized to record low resolution mass spectra. HRESIMS spectra were obtained by a FTHRMS-Orbitrap (Thermo Finnigan) mass spectrometer. A Dionex P580 system equipped with a photodiode array detector (UVD340S) was employed for analytical HPLC analysis, and an analytical HPLC column (Europhere 10 C18, 125 × 4 mm, L × ID) was used. Semipreparative HPLC was accomplished using a Lachrom-Merck Hitachi semipreparative HPLC system with an Europhere 100 C18 (300 × 8 mm) column, pump L7100, and UV detector L7400 at a flow rate of 5 mL/min. For improved resolution of D and L-N-methylphenylalanine residues after Marfeyʼs derivatization, HPLC separation was conducted on an EC 250/4.6 Nucleosil 120-5, C4 (Macherey-Nagel) column. Column chromatographic stationary phases used were Merck MN silica gel 60 M (0.04-0.063 mm) and Sephadex LH-20. The eluted fractions from column chromatographic separations were analyzed by TLC using precoated silica gel 60 F254 plates (Merck). Visualization of spots was done under a UV lamp (254 and 365 nm) or by spaying the plates with anisaldehyde reagent. Distillation of solvents for column chromatography was performed prior to use, while spectral grade solvents were used for spectroscopic measurements. ECD spectra were recorded on a Jasco J-810 spectropolarimeter.
Microbial material
The marine-derived fungus A. versicolor (code 8.1.3a) was isolated from the sponge Agelas oroides, which was collected at a depth of 10 m in Aliağa-İzmir, Turkey, in December 2014. The sponge was identified by Dr. Mehmet Baki Yökeş (Department of Molecular Biology and Genetics, Faculty of Arts and Sciences, Haliç University, Sıracevizler Cd. No: 29 Bomonti, Şişli, Istanbul, Turkey). The bacterial strain used for co-cultivation was the laboratory strain B. subtilis 168 trpC2. The fungus A. versicolor was identified through DNA amplification and sequencing of the ITS region according to a molecular biological protocol described previously [41] . The obtained sequence data were submitted to GenBank under KY174984. A voucher specimen is stored at the Institute of Pharmaceutical Biology and Biotechnology, Heinrich-Heine-Universität Düsseldorf, Germany.
Co-cultivation experiment of Aspergillus versicolor with Bacillus subtilis
The mixed fermentation experiment of the fungus A. versicolor with B. subtilis was carried out on solid rice medium under static conditions in five Erlenmeyer flasks (1 L). The fungal control (axenic A. versicolor culture) and bacterial control (axenic B. subtilis culture) were also cultivated in five Erlenmeyer flasks each. Autoclaving of the flasks [each containing 60.0 mL of distilled water and 50.0 g of commercially available milk rice (Milch-Reis, ORYZA)] was done prior to inoculation of the fungus and the bacterium. Preparation of B. subtilis was accomplished through an overnight culture of the bacterium in lysogeny broth (LB), which was then inoculated to prewarmed LB medium (1 : 20), followed by incubation at 37°C with shaking at 200 rpm to the mid-exponential growth phase (optical density at 600 nm of 0.2-0.4). The bacterial culture (10 mL) was added to the autoclaved rice medium and then the flasks were incubated for 4 days at 37°C. A. versicolor grown on malt agar was cut into pieces (1 cm × 1 cm). Five pieces were added to each of the flasks that had been previously incubated with B. subtilis. The fungal and bacterial controls as well as the co-cultures were left to grow under static conditions at 23°C. Upon reaching the stationary phase of growth (2 weeks for controls and 4 weeks for co-culture), EtOAc (300 mL) was added to each flask to stop the growth of the cultures, followed by shaking at 150 rpm for 8 h, then keeping them overnight. The flasks were filtered the next day using a Büchner funnel, and the extracts were evaporated under vacuum. The obtained residues were redissolved in MeOH (50 mL), and 30 µL of each resulting extract were injected into the analytical HPLC column.
Extraction and isolation
The crude EtOAc extract (14.3 g, obtained after combining all extracts resulting from the co-cultivation experiment) was fractionated by vacuum liquid chromatography (VLC) on silica gel 60 with a gradient elution solvent system of n-hexane-EtOAc (100 : 0 to 0 : 100) followed by DCM-MeOH (100 : 0 to 0 : 100) to yield 19 fractions (Fr. 1 to Fr. 19). Fr. 3 (1.6 g) was further chromatographed on a Sephadex LH-20 column using acetone as the mobile phase to yield the pure compound 16 (2.3 mg) in addition to six subfractions (Fr. 3-1 to ▶ -7) . Part of Fr. 4-3 (100 mg) was chromatographed on a silica gel column with DCM-MeOH (9 : 1) to afford compound 19 (2.0 mg). Fr. 4-6 (400 mg) was submitted to a Sephadex LH-20 column using acetone as the mobile phase to yield 14 (1 mg) and 4 (4.0 mg).
Fr. 5 (934 mg) was further subjected to a VLC column with an n-hexane-EtOAc (100 : 0 to 0 : 100) gradient elution solvent system (200 mL for each polarity) to afford 14 subfractions (Fr. 5-1 to Fr. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Subfraction Fr. 5-7 (30 mg) was purified by semipreparative HPLC with a gradient of H 2 O-MeOH to obtain compounds 7 (5.6 mg), 29 (2.1 mg), and 28 (1.0 mg). Subfraction Fr. 5-8 (72 mg) yielded compounds 6 (12.2 mg) and 5 (5.6 mg) after RP-HPLC separation using an H 2 O-MeOH gradient solvent system. Fr. 5-9 (50 mg) was subjected to semipreparative HPLC purification with a gradient H 2 O-MeOH solvent system to afford compounds 8 (1.7 mg), 24 (3.9 mg), 9 (12.1 mg), 13 (1.7 mg), 3 (1.2 mg), and 15 (3.2 mg).
Fr. 6 (720 mg) was chromatographed on a Sephadex LH-20 column using acetone as the mobile phase to yield six subfractions (Fr. 6-1 to Fr. . Fr. 6-2 (25 mg) was submitted to RP-HPLC separation using an H 2 O-MeOH gradient solvent system to afford compound 23 (1.7 mg). Fr. 6-6 (247.7 mg) was further separated on a Sephadex LH-20 column with acetone as the mobile phase to give five subfractions (Fr. 6-6-1 to Fr. 6-6-5). Fr. 6-6-4 (28 mg) yielded compound 11 (1.4 mg) while Fr. 6-6-5 (31 mg) gave compounds 30 (1.8 mg) and 22 (7.1 mg) after semipreparative HPLC with a gradient H 2 O-MeOH solvent system. Fr. 7 (300 mg) was fractionated on a Sephadex LH-20 column with acetone as the mobile phase to afford seven subfractions (Fr. 7-1 to Fr. 7-7). Fr. 7-2 (34.1 mg), Fr. 7-3 (15.8 mg), Fr. 7-5 (10.8 mg), and Fr. 7-7 (28.1 mg) were purified by semipreparative HPLC with a gradient H 2 O-MeOH solvent system to obtain compounds 34 (8.9 mg), 21 (5.5 mg), 10 (3.2 mg), and 12 (3.1 mg), respectively.
Fr. 10 (99.2 mg) was chromatographed on a Sephadex LH-20 column using MeOH as yje mobile phase to yield three subfractions (Fr. 10-1 to Fr. 10-3). Fr. 10-1 (32.9 mg) was purified by RP-HPLC separation using an H 2 O-MeOH gradient solvent system to obtain compound 2 (4.5 mg).
Fr. 11 (2.9 g) was subjected to a VLC column using DCM-MeOH (100 : 0 to 0 : 100) with 300 mL eluting volume for each step to afford 13 subfractions (Fr. 11-1 to Fr. [11] [12] [13] . Subfraction Fr. 11-4 (200 mg) was then separated on a Sephadex LH-20 column using acetone as the mobile phase to give four subfractions (Fr. 11-4-1 to Fr. 11-4-4 
Marfeyʼs analysis
Compound 1 (0.5 mg) was subjected to acid hydrolysis by adding 1 mL of 6 N HCl, followed by heating at 110°C for 24 h. The resulting acid hydrolysate solution was concentrated under reduced pressure with the successive addition of H 2 O (5 mL each) to guarantee removal of HCl. Derivatization of the resulting amino acids was done by treating 25 µL of the hydrolysate with 50 µL of FDNPL [1 % N-(5-fluoro-2,4-dinitrophenyl)-L-leucinamide in acetone] and 10 µL of 1 M NaHCO 3 , followed by heating the mixture for 1 h at 40°C on a hot plate with frequent mixing. The reaction mixture was then allowed to cool, followed by the addition of 5 µL of 2 N HCl to the solution and then concentration to dryness. The derivatized amino acids were submitted to analytical HPLC after dissolving the mixture in 1 mL of MeOH. The standard amino acids (L-and D-forms) were derivatized following the same procedure. 
Cytotoxicity assay
All isolated compounds were tested for their cytotoxic activity against the murine lymphoma cell line L5178Y (Sigma) using the MTT method. Briefly, cells were placed on a 96-well plate with 3000 cells/mL. The cells were allowed to attach for 24 h and then were treated with different concentrations of the compounds starting with 30 µM for 72 h. Usually 4 to 7 concentrations of the respective compounds fall into the dose-response range between 20 to 90 % inhibition. Ten parallel experiments were performed per concentration point. The mathematical, nonlinear regression (4-parameter model) was applied. The IC 50 values were calculated from a sigmoidal dose-response curve using GraphPad Prism software. The depsipeptide kahalalide F (purity 97 %) obtained from Elysia grandifolia [42] was used as a positive control, while media containing 0.1 % ethylene glycol monomethyl ether (used for dissolving the compounds in the cell culture media) were used as a negative control.
Antibacterial assay
Antibacterial activity of the compounds was analyzed against several gram-positive bacteria using the broth microdilution method. Compounds were predissolved in DMSO and added to the broth. The resulting final DMSO concentration in the assay was 0.1 %. The direct colony suspension method was employed for preparation of the inoculum, and MIC for each strain was determined according to the recommendations of the Clinical and Laboratory Standards Institute [43] . Ciprofloxacin and moxifloxacin (analytical standard; Sigma-Aldrich) were used as positive controls.
